ABSTRACT: A reverse phase-liquid chromatographic method with UV detection at 280 nm is described for simultaneous determination of ceftriaxone sodium and vancomycin hydrochloride. Chromatographic separation of the two drugs was achieved on a Betasil C-1 column using a mobile phase consisting of a binary mixture of acetonitrile and triethylamine buffer adjusted to pH 3.5 ± 0.1 with orthophosphoric acid in a ratio of 20:80. The liquid chromatographic method developed offers symmetric peak shape, good resolution, and reasonable retention time for both drugs. Linearity, accuracy, and precision were found to be acceptable over the concentration ranges 125-750 ppm for ceftriaxone and 62.5-375 ppm for vancomycin. The liquid chromatographic method was successfully applied to the quality control of formulated products, plasma, and cerebrospinal fluid samples containing ceftriaxone and vancomycin.
INTRODUCTION

Ceftriaxone is (6R,7R) -3 [(acetyl -oxy) methyl] -7 -[[(2Z)-(2-amino-4-thiazolyl)(methoxyamino)-acetyl]
amino]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid 1 . Ceftriaxone is a cephalosporin beta-lactam antibiotic used in the treatment of bacterial infections caused by susceptible, usually gram positive microorganisms. The bactericidal activity of ceftriaxone results from the inhibition of the cell wall synthesis and is mediated by ceftriaxone binding to penicillin-binding proteins. It inhibits the mucopeptide synthesis in the bacterial cell wall. The betalactam moiety of ceftriaxone binds to carboxypeptidase, endopeptidase, and transpeptidase in the bacterial cytoplasmic membrane. These enzymes are involved in cell wall synthesis and cell division. By binding to these enzymes, ceftriaxone results in the formation of defective cell walls and cell death. Vancomycin hydrochloride is a glycopeptide antibiotic which can be isolated from both Streotomyces orientalis and Nocardia lurida 2 . It inhibits bacterial cell wall synthesis. Vancomycin prevents the synthesis of peptidoglycan by binding tightly to peptides containing D-alanyl-D-alanine at the free carboxyl end. Vancomycin has also been shown to alter the permeability of the cell membrane and may selectively inhibit RNA synthesis. Introduced in 1956, vancomycin has strong bactericidal activities against many gram positive bacteria, particularly Staphylococcus aureus. Due to its toxicity vancomycin was relegated to the role of alternate therapy when antibiotics such as methicillin became available 3 . There are several methods to estimate ceftriaxone, including high performance liquid chromatography (HPLC) [4] [5] [6] [7] [8] , high performance thin layer chromatography 9 , capillary electrophoresis 10, 11 , and spectrophotometry [12] [13] [14] . In case of vancomycin, it has been assayed by HPLC [15] [16] [17] , micellar electrokinetic capillary chromatography 18 , and spectrophotometry 19 . Immunox-V (ceftriaxone-vancomycin) is a synergetic antimicrobial combination with marked in vitro antibacterial activities against broad spectrum gramnegative and gram-positive bacteria. Since ceftriaxone is less active against gram-positive cocci than first generation cephalosporins, marked activities are seen against gram-negative bacteria such as Enterobacteriaceae including beta-lactamase producing strains and penicillin resistant strains such as Haemophilus influenzae, Neisseria gonorrhea, and N. meningitidis. It is active against S. aureus but not against methicillinresistant S. aureus. However vancomycin acts against a variety of gram-positive bacteria including MRSA and S. epidermidis. By combining these two drugs a fixed dose combination developed covers wide range of gram-positive and gram-negative bacteria. The combination is made compatible by adding a chemical vector which further reduces toxic effects.
The synergistic action of Immunox-V has strong bactericidal activity against S. aureus and methicillinresistant strains. The combination works well against enterococci, prevents development of resistance, and has been used successfully against a wide range of bacterial infections including bacterial meningitis.
The present communication describes an isocratic liquid chromatography (LC) method for simultaneous determination of ceftriaxone sodium and vancomycin hydrochloride, which would be used for the quality control of the formulation developed and other biological applications. The advantage of this method is that by doing one column analysis one can save time and resources. To the best of our knowledge there is at present no method to determine the combined dosage form simultaneously. This study achieved satisfactory results in terms of selectivity, linearity, precision, and accuracy under simple chromatographic conditions.
MATERIALS AND METHODS
Chemicals and reagents
Ceftriaxone sodium and vancomycin hydrochloride reference standards (RS) of US Pharmacopoeia were bought from Sigma, US. Immunox-V, a fixed dose combination was obtained from the manufacturer (Venus Remedies Limited, India). Each vial contained 1 g ceftriaxone and 0.5 g vancomycin. Triethylamine (TEA), acetonitrile, and phosphoric acid were of chromatographic grade and were obtained from Merck, Germany. All other chemicals were of analytical reagent grade unless specified.
Chromatographic separation was performed on an Agilent 1200 series liquid chromatographic system equipped with G1311A quaternary pump, Agilent variable-wavelength UV-Vis detector, and a G1329A auto injector. EZ CHROME ELITE software was employed for data collecting and processing. Samples were centrifuged by using a Remi Centrifuge (C-24BL).
Chromatographic conditions
Chromatographic separation was performed on a Betasil C-1 stainless steel column with dimensions 250 mm × 4.6 mm, 5 µm (Thermo Electron Corporation). The mobile phase consisting of a binary mixture of acetonitrile and TEA buffer adjusted to pH 3.5 ± 0.1 with orthophosphoric acid in a ratio of 20:80, was delivered at rate of 1.0 ml/min. The mobile phase was filtered through 0.45 µm membrane nylon filter (Millipore) and degassed prior to use. Separation was performed at 40°C, with an injection volume of 10 µl run for 10 min, and detected at 280 nm.
Preparation of buffer solution
TEA (2 ml) was dissolved in 998 ml of milli-Q water and adjusted to pH 3.5 ± 0.1 with dilute orthophosphoric acid. The preparation was then filtered through 0.22 µm nylon filter (Millipore) and degassed. For the preparation of the standard and sample solutions, the mobile phase was used as the diluent.
Preparation of Solutions
A standard solution was prepared by dissolving accurately weighed quantities of ceftriaxone sodium (RS) 50 mg and vancomycin hydrochloride (RS) 25 mg in the mobile phase, and diluting quantitatively and stepwise with mobile phase to obtain a solution of a known concentration of about 500 ppm of ceftriaxone sodium and 250 ppm vancomycin hydrochloride.
For the preparation of sample solution, accurately weighed (75 mg) Immunox-V, (ceftriaxone sodium and vancomycin hydrochloride for injection), was transferred to a 100-ml volumetric flask. The mobile phase was added, then swirled to dissolve it, and then diluted to a volume of 100 ml with the mobile phase.
Preparation of plasma and cerebrospinal spinal fluid (CSF) sample
Rats (weighing 150-200 g) were randomly selected for carrying out the study. They were housed at controlled temperature and humidity in an alternating 12-h light and dark cycle with free access to food and water. The study was approved by the institutional animal ethical committee.
The drugs, 500 µg/ml of ceftriaxone and 250 µg/ml of vancomycin, were given to each animal according to their body weight, intravenously for 7 days. After day 7, samples were collected for analysis.
Blood samples were collected in 3.8% sodium citrate containing vials for plasma preparation. Bloodcitrate containing tubes were centrifuged at 2000g for www.scienceasia.org 15 min at ambient temperature and the supernatant was collected very carefully. Then, 1 ml plasma was mixed with an equal amount of chilled acetonitrile solution containing water and acetonitrile in a 50:50 ratio and kept for 10 min to precipitate proteins. Samples were centrifuged again at 2500g for 20 min, the supernatant was aspirated out, and an aliquot of 10 µl was injected into the HPLC system. The supernatants were diluted with diluent if required for the analysis of drug assay in sample.
Preparation of CSF samples
Cerebrospinal fluid (CSF, 20-40 µl) was obtained by puncture of the cisterna magna. The sample was mixed with 100 µl of acetonitrile and kept for 10 min to precipitate the plasma proteins. Each samples was centrifuged at 2000g for 20 min at 0-4°C and supernatants were aspirated out carefully for analysis of antibiotic drug concentration separately.
Data analysis
To determine ceftriaxone sodium and vancomycin hydrochloride separately, we injected equal volumes of the standard preparation and the assay preparation into the chromatograph, recorded the chromatograms, and measured the responses for the major peaks.
RESULTS AND DISCUSSION
Method development and validation
Several methods are available to analyse ceftriaxone and vancomycin individually, but no such method is available for the simultaneous determination of these two drugs. A literature survey reveals the analysis of ceftriaxone using spectrophotometry 20 and FolinCiocalteu reagent in the presence of 20% sodium carbonate solution. The blue colour from the chromogen formed was measured at wavelength of maximum absorption of 750 nm for ceftriaxone against reagent blank. For ceftriaxone the chromogen was linear over the range of 2.0-36 µg/ml. The separation and identification of vancomycin was done by thin-layer chromatography, normal and reverse phases chromatography [21] [22] [23] [24] . Thus we developed a single method for the combined analysis of both drugs, saving time and other resources. Taking into consideration the instability of ceftriaxone sodium and vancomycin hydrochloride in strong alkaline and strong acidic conditions, the pH value of the mobile phase should be limited within the range of 3-5, since mild acidic pH favours the retention and separation of two drugs on a Betasil C-1 column. After some trials, the TEA buffer with pH 3.5 ± 0.1 was finally selected. Acetonitrile is the most commonly used solvent for LC analysis and often is the first choice for many researchers. Therefore, a binary mixture of acetonitrile and TEA buffer became the initial mobile phase for the determination of the two drugs. Firstly, various concentrations of TEA buffer were tried in order to achieve the proper conditions. We found that 0.014 M TEA buffer was ideal for our work. Then, the proportion of acetonitrile and TEA buffer in mobile phase was determined by varying the proportion of acetonitrile and TEA buffer from 20:80, 25:75 to 30:70.
Since both ceftriaxone sodium and vancomycin hydrochloride in the mobile phase have no significant UV maximum, 280 nm was employed for the detection to ensure the sensitivity of the method.
After a number of preliminary experiments, a Betasil C-1 column with a TEA buffer in a 20:80 ratio with acetonitrile was selected for the determination of the two drugs. This system produced symmetric peak shape, good resolution, and reasonable retention time for both the drugs. The average retention times of ceftriaxone sodium and vancomycin hydrochloride for 6 repetitions were 4.8 ± 0.08 and 2.6 ± 1.05 min, respectively (Fig. 1) .
Both drugs were forced to degrade under several stress conditions and it was found that both drugs show poor stability under acidic, basic, and oxidative conditions. In the case of thermal-and photodegradation the degradation was found to be 70% in 24 h.
System suitability experiments gave satisfactory results (Table 1 ). It was found that the relative standard deviation (RSD) for both drugs was less than 2%.
Under optimized experimental conditions a straight-line calibration curve was obtained for the concentration ranges of 125-750 ppm for ceftriaxone and 62.5-375 ppm for vancomycin. Linear regression analysis using the method of least squares treatment of calibration data (n = 6) was made to evaluate slope, intercept, and correlation coefficient. The linear regression equation was A = 56 274 C − 43 293 for ceftriaxone sodium and A = 4444.09 C + 2791.91 for vancomycin hydrochloride, where A is the absorbance and C is the concentration of the drug, with a correlation coefficient r = 0.99992 for ceftriaxone and r = 0.99985 for vancomycin. The limit of detection (LOD) was calculated and found to be 0.10 ppm for ceftriaxone and 0.18 ppm for vancomycin and limit of quantification (LOQ) was found to be 0.30 ppm for ceftriaxone and 0.56 ppm for vancomycin.
The accuracy of the proposed method was checked by recovery experiment. Mean percentage recoveries from the combination formulation was found to be 100.2 ± 0.56 for ceftriaxone and 101.48 ± 0.55 for vancomycin indicating good accuracy of the method for simultaneous determination of the two drugs. Acceptable precision was achieved for ceftriaxone and vancomycin (Table 2) , as revealed by the relative standard deviation data (RSD < 2.0% in all levels of the two drugs).
The solution stability of the two drugs was monitored by keeping the solutions at room temperature under darkness and in the refrigerator. The results show no significant difference in the area after 6 h. The cumulative RSD at room temperature and in the refrigerator were found to be 1.60% and 1.40% for ceftriaxone, 1.41% and 1.50% for vancomycin, respectively.
The application of the method was checked by analysing the plasma and cerebrospinal fluid samples. The lower limit of quantification was found to be 1.5 µg/ml for ceftriaxone and 3.2 µg/ml for vancomycin, which shows the efficiency of the developed method for plasma analysis. The inter-day precision of the method was, on average, 4% or better over the same concentration range, with an assay recovery of 95% for ceftriaxone and 94% for vancomycin, respectively. The same method was applied for the analysis of CSF samples obtained, and the method shows good detection of drugs, i.e., 8.7 µg/ml of ceftriaxone and 6.73 µg/ml of vancomycin. 
Selectivity
Selectivity is the ability of an analytical method to differentiate and quantify the analyte in the presence of other components in the sample. It can be determined by analysing forced degraded powder samples. Forced degradation studies were performed to provide an indication of the stability of the proposed method by exposing the formulation product to the stress conditions of UV light, high temperature (105°C), acid (0.5 M HCl), and base (0.5 M NaOH) in order to test the ability of the proposed method to separate the active component. The samples were degraded to levels where the contents of ceftriaxone and vancomycin in the samples were lowered to that of the original level. Chromatograms for the acid and oxidative degradation are shown in Figs. 2 and 3 . Under the given stress conditions both drugs are unstable and significantly degraded peaks appear. RRT was calculated. In the case of forced degradation by an oxidant, the relative retention time was calculated to be 3. 
Specificity
Specificity is the ability of the method to accurately measure the analyte in the presence of all potential sample components. The analyte peak is evaluated for peak purity from the nearest eluting peak. For this purpose a solution containing 500 ppm of ceftriaxone sodium and 250 ppm of vancomycin hydrochloride was injected and peak purity was monitored. The acceptance criteria for peak purity is that the purity angle should be less than the purity threshold. The peak purity was found to be 0.999. To check the specificity, peak purity was determined. Peak purity analysis for ceftriaxone and vancomycin gave a total purity angle of 0.99 and 1.0, respectively, which was considered to be satisfactory.
System suitability
System performance parameters of the developed HPLC method were determined by analysing standard working solutions. Chromatographic parameters, such as number of theoretical plates, resolution, capacity factor, and selectivity factor were determined ( Table 1) . The results indicate the good performance of the system. System repeatability was determined by 5 replicate injections of a working standard solution, and the relative standard deviations of peak areas of both drugs were calculated to evaluate the repeatability.
Linearity
Linearity of calibration curves for both ceftriaxone sodium and vancomycin hydrochloride for 6 concentration levels each was found to be satisfactory. Peak area and concentration of each drug substance was subjected to regression analysis to calculate the regression equation and the correlation coefficients. The results show that within the tested concentration range there was a strong correlation between the peak area and the concentration of each drugs. The system was found to be linear in range of 125-750 ppm for ceftriaxone and 62.5-375 ppm for vancomycin.
Limit of detection and limit of quantitation
Limit of detection (LOD) was established at a signal to noise ratio (S/N) of 3.3. Limit of quantification (LOQ) was established at a signal to noise ratio (S/N) of 10. LOD and LOQ were experimentally verified by 6 injections of ceftriaxone sodium and vancomycin hydrochloride at the LOD and LOQ concentration.
Accuracy
Accuracy was determined by applying the described method to the known amount of each drug corresponding to 70, 100, and 130% of test solution. The accuracy was then calculated as the percentage of analyte recovered by the recovery study. The recovery of ceftriaxone and vancomycin in test samples ranged from 80.0 to 120.0%.
Robustness
Robustness, as documented in the ICH guidelines 25 , should be considered early in the development of a method. If the results are susceptible to variations in method conditions, these conditions must be adequately controlled. The effect of variations in some experimental conditions was tested. In all the deliberately varied chromatographic conditions such as flow rate, mobile phase variation, pH, temperature variation, and column, the results were found to be satisfactory for ceftriaxone and vancomycin. Thus the operational conditions for the proposed method were considered to be very robust.
Analytical solution stability
The analytical solution stability of both the standard and the test was determined by monitoring the peak area responses of the standard solution and a sample solution of ceftriaxone sodium and vancomycin hydrochloride at 0, 2, 4, and 6 h at room temperature and in the refrigerator.
Method application
The validated LC method was applied to the simultaneous determination of ceftriaxone and vancomycin for injection. The three batches of the sample were analysed and the assay results, expressed as percentage of the label claim, are shown in Table 3 . The results indicate that the amount of each drug in the injection corresponds to the requirement.
Clinical application
In pharmaceutical industries, the use of HPLC has been associated with antibiotics analysis and this technology has become available for quality control. In the clinical laboratory the use of this technique has been efficient for determination of analytes in several biological fluids. Therefore, HPLC has been developed for the analysis of vancomycin in medicines, as well as for the determination in biological fluids 17, 24, [26] [27] [28] [29] [30] [31] [32] [33] [34] . Kitahashi and Furuta 35 developed an assay for measuring vancomycin concentration by micellar electrokinetic capillary chromatography with detection at 210 nm using direct serum injection. The migration time of vancomycin was about 7 min. The linearity was from 0 to 100 µg/ml and the limit of detection was 1.0 µg/ml. No observed interference from 32 other antibiotics was observed. Shibata et al 36 described a novel HPLC tandem mass spectrometry method for determination of vancomycin in serum and urine without treatment. Khasanov et al 37 determined ceftriaxone in blood samples and tissues using ionexchange chromatography. Several other studies show the analysis of ceftriaxone in biological samples 38, 39 . We successfully applied the current method for the analysis of the plasma samples obtained. The plasma samples were assayed for ceftriaxone and vancomycin by an automated, reversed phase HPLC procedure mentioned above. The lower limit of quantification of the result established at a signal to noise ratio (S/N) of 10 was determined. A typical LC chromatogram showing the detection of ceftriaxone and vancomycin in plasma samples is shown in Fig. 4 . These results show that our method can be used for the simultaneous determination of ceftriaxone sodium and vancomycin hydrochloride in the pharmaceutical companies and research laboratories for routine and biological samples analysis. 
